The surfaces of gynoecia of Glycine max cultivars-normal Clark, a tetraploid Clark, and seven isolines-display variations in at least three types of trichomes. The normal Clark soybean gynoecium has at least three and possibly four types of trichomes: a two-to four-celled, elongate, thick-walled trichome (TWT), an elongate thin-walled unicellular trichome (UCT), a secretory multicellular trichome (MCT), and an elongate thin-walled bicellular trichome that we have interpreted as an immature TWT. All these types are present on the gynoecium by 1 d before anthesis. After fertilization, the UCT is rare, but the other types continue to initiate and develop on the young pod. During flowering, the UCT and the MCT are distributed along the ovary from the base of the gynoecium to the top of the ovary. The TWT forms primarily along the dorsal side of the style. The Clark tetraploid and the extra-dense, dense 1, dense 2, sharp hair tip, sparse, and puberulent isolines have all four types of trichomes on their gynoecia, although TWTs and UCTs are very short in the puberulent isoline. The glabrous isoline is missing the TWT but has a short, thin-walled trichome that occurs infrequently, mainly along the dorsal side of the style. The ratio of TWTs on the gynoecium of the normal Clark to those on the isolines is 1:4 on extra-dense, 1:3 on dense 2, 1:1.6 on dense 1, 1:2 on the tetraploid, 1:0.5 on the sparse, and 1:0.2 on the puberulent. There is a positive correlation between the expanded distribution of TWTs onto other parts of the gynoecium and increased pubescence of TWTs on the gynoecium. The numbers and morphology of MCTs are similar in the normal Clark, the tetraploid, and the seven isolines, except for extra-dense, where the numbers of MCTs are suppressed. The numbers of UCTs were significantly greater on the extra-dense, dense 2, and dense 1 isolines than on the normal Clark, but distribution was the same. During early pod development, TWTs and MCTs are most prominent, indicating that the UCTs either disappear or may be a precursor of TWTs. No functions are known for any of the types of trichomes on soybean gynoecia, but possible roles are discussed.
Introduction
Chinese crop breeders have made advances toward producing hybrid soybeans with the identification of cytoplasmic male-sterile and restorer lines (Smith 2003) . Now it becomes increasingly important to identify floral traits that will enhance pollinator attraction to Glycine max (L.) Merr. (Delaplane and Mayer 2000) . Attractiveness to pollinators is vital to successful hybridization efforts because G. max is an autogamous species in which outcrossing typically occurs infrequently (Palmer et al. 2001) . Factors of potential interest are the number, types, and functions of trichomes present on the gynoecium of a soy flower. There is little known about the structure and function of trichomes on plant gynoecia in general (Werker 2000) and even less about those on the soybean gynoecium. The literature on soybean trichomes is primarily focused on leaves and stems (Bernard and Singh 1969; Franceschi and Giaquinta 1983; Gunasinghe et al. 1988) .
Crozier and Thomas (1993) reported that soybean trichomes begin forming on the abaxial side of the carpel around the time of suture formation, after the staminal ring has been initiated. Their micrographs show that some of these trichomes already have elongated by the time the style begins to lengthen. They reported that the gynoecium is pubescent by the time of anthesis, but they did not describe the types or numbers of trichomes. Guard (1931) identified two types of trichomes, unicellular and multicellular, on the soybean gynoecium and indicated that they were similar to those on the leaves and calyx. The multicellular trichomes were reported to have four to six uniseriate cells. Later, Franceschi and Giaquinta (1983) described the multicellular trichomes on soybean leaves from initiation through senescence.
During a study on soybean nectaries, we observed three types of trichomes on the soybean gynoecium (Horner et al. 2003) . These included the unicellular and multicellular types described by Guard (1931) and a third type consisting of two to three cells with thick walls. In the nectary study, our goal was to better understand nectar production for pollinator attraction or reward by investigating the development of soybean nectaries. The superficial observations of gynoecial trichomes reported in that study piqued our interest in gynoecial trichomes as potentially important in pollinator attraction or reward. Here we present our detailed findings of three or more types of gynoecial trichomes.
We studied the types of trichomes present on the gynoecium (including the style and ovary but not the stigmatic hairs) of the normal Clark soybean cultivar from 1 d before anthesis through anthesis. This period corresponds with the preactive to postactive nectary stages defined by Horner et al. (2003) . We were interested in how the trichomes during this period differed in type, number, and location on the gynoecium of the normal Clark, the tetraploid, and seven nearisogenic lines (isolines). The isolines included the glabrous, puberulent, sparse, sharp hair tip, dense 1, dense 2 and extra-dense isolines, all named according to their leaf trichomes (table 1). The Clark line was chosen for study because the isolines have different alleles that affect pubescence, and they are readily available for research (Bernard and Singh 1969) .
We asked the following questions: Does the type and corresponding density of pubescence on the leaves and stems exist on the gynoecium as well? Are all types of trichomes morphologically and/or numerically impacted by the allele that affects pubescence in each isoline, in comparison with the normal line? What is the effect of tetraploidy on pubescence of the gynoecium? How are the types of trichomes distributed on the gynoecia of each isoline and the tetraploid, in comparison with the normal line? Answers to these questions will help to formulate hypotheses for their functions on the gynoecium, which we speculate on in the ''Discussion.''
Material and Methods
For light microscopy (LM) and scanning electron microscopy (SEM), very young flower buds, flowers at least 2 d before anthesis, flowers 1 d before anthesis, flowers at anthesis, and young pods were collected from greenhouse-grown and field-grown normal Clark soy plants (Glycine max). Fresh flowers during the same stages were collected from greenhouse-grown Clark tetraploid and the following Clark isolines: glabrous, puberulent, sparse, sharp hair tip, dense 1, dense 2, and extra-dense ( fig. 1 ). The sepals and petals from fresh flowers were removed and the gynoecia placed in 2% glutaraldehyde and 2% paraformaldehyde in 0.1 M sodium cacodylate buffer, pH 7.2, put under vacuum (pressure: 18 psi Hg) for 5 h at room temperature, and then fixed overnight at 4°C. Fixed gynoecia were washed three times in the same buffer, postfixed in buffered 1% OsO 4 for 1.5 h, washed two times in the same buffer followed by deionized water, and dehydrated in an ethanol (ETOH) series to absolute ETOH. For SEM, flowers fixed and processed to 100% ETOH were critical-point dried (Denton critical-point drying apparatus) using liquid carbon dioxide, mounted on aluminum stubs with double-stick tape, silver-painted around the edges of the adhered specimens, sputter-coated (Denton vacuum) with Au/Pd, and viewed in a JEOL 5800 SEM at 10-15 kV. For LM, flowers fixed and processed were either infiltrated and embedded in LRW resin (London resin white) and polymerized at 60°C for 1 d or further dried in acetone, infiltrated and embedded in Spurr's hard mixture resin (Spurr 1969) , and polymerized at 70°C for 2 d. Resin-embedded gynoecia were oriented dorsal-to-ventral to obtain longitudinal, median 1-mm-thick sections through the stigma, style, and ovary using glass knives (Reichert Ultracut S ultramicrotome). Sections cut in any other direction would not include all of the trichomes along the gynoecium. The sections were heat-adhered to glass slides without adhesive, stained with toluidine blue O, rinsed, and dried; a drop each of xylol and Permount was added, and the sections were coverslipped. The periodic acid-Schiff's (PAS) technique was used on LRW-embedded flowers following the protocol of Ruzin (1999) . Five median to near-median sections 25 mm apart were cut in a series from each of five gynoecia from the normal Clark, its tetraploid, and its seven isolines.
During initial observations of trichomes on the nine lines, differences in numbers and distribution of trichomes were noticed among the lines, particularly at the level of the nectary and along the style. Therefore, we divided the gynoecium into five zones based on our perceived notions of where on the gynoecium the distributions and relative numbers of fig. 2A ). The divisions are depicted on a median, longitudinal gynoecium section of normal Clark ( fig. 2A ). Zone 1 includes the base of the gynoecium, where the epidermal cells of the gynoecium meet with those of the nectary, to the apex of the nectary; zone 2 includes the apex of the nectary to the top of the second ovule (or the top of the first ovule where only two ovules were present); zone 3 includes the top of the second ovule (or first ovule when only two were present) to the juncture of the ovary and style, as judged by the constriction of the gynoecium and the transition of small ovary epidermal cells to larger style epidermal cells; zone 4 includes the straight portion of the style to where the style begins to bend; and zone 5 includes the style bend to the base of the stigma. Trichomes were only counted if their basal cell in the epidermis was visible. All basal cells were measured to be less than 25 mm in diameter parallel to the epidermal surface. Thus, 25-mm increments between each of the five sections were chosen to eliminate counting the same trichome twice. Counts were verified by R. A. Healy and H. T. Horner. Data from the dorsal and ventral sides of the gynoecium were kept separate initially to statistically test any differences in number and/or type of trichomes. Only the number of thickwalled trichomes was significantly affected by their side location. After determining this, we combined the counts from five sections and both sides from the five gynoecia. Differences among the nine variants, among the five zones, between the dorsal and ventral sides of the gynoecium, and the interactions of variant by zone, variant by side, and zone by side were completed using ANOVA F-tests. A 5% level of significance (a ¼ 0:05) was used for all tests of hypotheses unless otherwise stated. Significant tests were interpreted using means and standard errors of means (SEs). The threefactor interaction was not significant for any of the three types of trichomes. fig. 4A ), where they are evenly distributed. This distribution pattern holds true for the tetraploid and the seven isolines (MCT in fig. 4A ). They are typically procumbent but sometimes nearly erect, and they typically point toward the stigma. Near maturity of the MCT, the basal cells are each filled with a large vacuole, while the uppermost cells remain densely cytoplasmic. The outer walls are not cuticularized, as observed also by electron microscopy. The outer wall surfaces of all of the epidermal cells and other trichomes, however, are cuticularized and are impregnated with a dark-staining substance. As found in other secretory trichomes, the cuticle of the top two or three cells detaches laterally from the wall to form a bubble, and in many cases this bubble is formed on the side of the procumbent trichome next to the ovary ( fig. 2H ). MCTs in some gynoecia, including those with preactive to postactive nectaries, display a dark-staining, reticulate substance inside the bubble ( fig. 2H ). The MCT cells associated with this substance appear plasmolyzed, with dense material concentrated in the center of these cells ( fig. 2H, 2I ). Sometimes the MCTs are associated with an amorphous substance on the epidermal cells adjacent to the trichome ( fig. 2I, arrow) . This substance is evidently insoluble in water, ethanol, and acetone, as it was present after the fixation and processing steps.
MCTs appear the same in form and secretory habit in the normal Clark, the tetraploid, and all isolines. MCT cell numbers up to 10 were found, though rarely, in the sparse and tetraploid lines ( fig. 2J) .
Thick-walled trichomes (TWTs). TWTs have one to three short basal cells and an elongate terminal cell ( fig. 3A) . The TWTs are well developed by at least 2 d before anthesis, when the other two types are just beginning to develop. The wall of the terminal cell becomes thick ( fig. 3A) and papillate with maturity ( fig. 3B ). The average thickness at the base of the terminal cell of 20 mature TWTs was 3.6 mm, with a range of 2.4-4.6 mm. The lateral walls of the short basal cell(s) also become thickened, but they are of a different composition than the wall of the terminal cell. The basal cell wall does not stain with toluidine blue O, which is a general stain that has an affinity for proteins ( fig. 3A, arrow) , or PAS, which stains non-water-soluble polysaccharides ( fig. 3C , arrow), and it is highly birefringent between crossed polarizers where at least two wall layers are visible. The outer portion of the basal cell wall sometimes becomes papillate, like the terminal cell wall.
In addition to the TWTs, there are elongate, thin-walled, two-celled trichomes that occur predominantly near the top of zone 3 in all except the glabrous isoline ( fig. 3D ). The bicellular trichome is present on the youngest gynoecium examined at least 2 d before anthesis and is therefore interpreted as being the first to form. TWTs are present at least 2 d before anthesis, apparently replacing the bicellular trichomes. All trichome types are present 1 d before anthesis. They continue to initiate and develop throughout anthesis. Bicellular trichomes, TWTs, and MCTs continue to be produced on young pods, while UCTs are rare to absent. Trichomes were not examined on pods greater than 1 cm in length. These bicellular trichomes are interpreted as young TWTs.
TWTs occur in zones 1-4 in the normal Clark, with the majority being at the top of the ovary in zone 3 and along the style in zone 4 ( fig. 4A, TWT) . This distributional pattern is present in the tetraploid and in six of the isolines. In dense 1 and the tetraploid, TWTs may occur at the base of the gynoecium in zone 1. In dense 1, dense 2, extra-dense, and the tetraploid, TWTs may occur beyond the bend of the style in zone 5 ( fig. 4A, TWT) . TWTs are the predominant type observed on the pod (fig. 3E ). These mature TWTs are sometimes surrounded by a basal support collar of epidermal cells. This collar is particularly evident on pods, but it is observed to a lesser extent before fertilization ( fig. 3A) .
TWTs occur on the tetraploid and all isolines, except for the glabrous. The glabrous isoline has a type of trichome that is morphologically different from the TWT, UCT, and MCT. It has a thin wall, like the UCT, but differs from the UCT in having two to three cells and being shorter in length. It differs from the bicellular trichome by having more than two cells in some cases and being shorter in length ( fig. 3F, 3G) . The cross walls in some of the glabrous two-to three-celled trichomes divide the trichomes into more or less equal cells ( fig. 3F ). The basal cell wall does not appear to be different from the terminal cell wall ( fig.  3F, 3G) . The puberulent TWT differs from the normal TWT in its relatively short length ( fig. 3H-3J) . As in the normal Clark TWT, there are one to three basal cell(s) with thick, smooth walls (arrow) of a different composition than the thick, papillate wall of the terminal cell ( fig. 3I, 3J ). The TWT of the sharp hair tip isoline, as expected, has pointed apices, while most TWTs of normal Clark are blunt ( fig. 3K ).
Relative Numbers of Trichomes on the Normal Clark, the Tetraploid, and the Seven Isolines
The normal Clark was compared with each isoline and the tetraploid in terms of ratios (table 2). Ratios were obtained by taking the average number of each type of trichome from five sections each from five flowers for each isoline and the tetraploid and dividing that number by the corresponding average for the normal Clark. Relative numbers of UCTs vary from those on normal Clark on the tetraploid and all isolines. The most significant difference (P < 0:0001, SE ¼ 2:2629) is in the comparatively large numbers of UCTs in zones 1-3 in the extra-dense and dense 2 isolines (UCT in fig. 4A ). Ratios of UCTs on normal Clark to those on extradense, dense 2, and dense 1 are 1 : 3.2, 1 : 3.6, and 1 : 1.7, respectively. Unexpectedly, the puberulent and sparse isolines also have more UCTs in zones 2 and 3 than has the normal Clark (P < 0:0001, SE ¼ 2:2629; UCT in fig. 4A ). There is no significant difference between numbers of UCTs on the dorsal and ventral sides of the gynoecium.
The ratio of MCTs on normal Clark to those on the tetraploid and most of the isolines is close to 1 (table 2). The average numbers of MCTs in zones 2 and 3 are significantly lower (P < 0:0001, SE ¼ 1:0845) in the extra-dense isoline (MCT in fig. 4A ) than in normal Clark. The ratio of MCTs on normal Clark to those on extra-dense is 1 : 0.4. There is no significant difference between numbers of MCTs on the dorsal and ventral sides of the gynoecium in any line.
The ratios of normal Clark TWTs to extra-dense, dense 2, dense 1, tetraploid, sharp hair tip, sparse, and puberulent TWTs are 1 : 4.4, 1 : 3.4, 1 : 1.6, 1 : 2, 1 : 0.6, 1 : 0.5, and 1 : 0.2, respectively. The TWTs on the seven isolines varied from those on normal Clark in the same pattern for which each isoline was named. In the glabrous isoline, trichomes that we interpret to be highly modified from the TWTs occur infrequently in zones 3 and 4, where TWTs would be expected (TWT in fig. 4A ). For comparative purposes, these are classified as TWTs in our analysis. The TWTs on the puberulent isoline are significantly few in number compared to those on the normal Clark (P < 0:0001, SE ¼ 1:0361; fig. 4A , TWT). In the two isolines where TWTs are the most numerous, extra-dense and dense 2, they occur in all five zones. In dense 2 and extra-dense isolines, the majority of the epidermal cells in zones 1-3 are committed to UCTs and TWTs ( fig. 3L ). Dense 1 and the tetraploid also have significantly more TWTs in zones 3 and 4 than does normal Clark (P < 0:0001, SE ¼ 1:0361).
To determine if ovary length correlated with the numbers of trichomes, the median section through the gynoecium was measured for the normal, the tetraploid, and the seven isolines. The tetraploid was the only one of these lines that consistently differed in length, and it averaged 0.5 mm longer than the others. The greater gynoecium length may be a factor in the higher number of TWTs on the tetraploid. There are significantly more TWTs in zones 3 and 4 on the dorsal side of the gynoecium than on the ventral side (P < 0:0001, SE ¼ 1:0361; fig. 4B ). TWTs in zone 5 are always on the dorsal side of the style ( fig. 1F-1I) .
To study whether growth conditions affected the relative numbers of trichomes on gynoecia of each line, field-grown normal Clark was compared to greenhouse-grown normal Clark. There was no significant difference in numbers of trichomes averaged across the zones except for UCTs in zones
Discussion

Trichome Morphology
This detailed study has shown that there is a greater variation in the types of trichomes than initially reported by Horner et al. (2003) . By observing the normal Clark cultivar, its tetraploid, and its seven near-isogenic lines, it is clear that types and numbers of gynoecial trichomes are genetically controlled by different alleles. These results show interesting variations in trichomes that may be encountered in other lines similarly scrutinized.
All types of trichomes were present in all isolines except for glabrous, which was missing the TWT and the elongate two-to three-celled trichome. Singh et al. (1971) described TWTs on the glabrous isoline leaves and stems as stubby, with one to seven cells, and detaching early in leaf/stem development. A two-to three-celled type of trichome found on the gynoecium of the glabrous isoline may be a modified TWT because it occurs in the same place as TWTs. It is also possible that it is a new type of trichome. This trichome is similar to those described on leaves of the glabrous isoline, although it does not detach from the gynoecium. This trichome is more similar in appearance to the bicellular The elongate bicellular trichome found on all isolines except the glabrous is interpreted as an immature TWT on the basis of anatomical observation, not on an in-depth developmental study. Its position on the gynoecium coincides with that of TWTs. It is the first to develop and is quickly followed by TWTs at least 1 d before the development of UCTs and MCTs, and while it is never present in high numbers, as are TWTs on the gynoecium, it is present in greater numbers on the developing pod, where TWTs continue to develop. TWTs apparently continue to increase in complexity as they mature. They may be observed to have walls of differing thickness and to develop papillae and are ultimately surrounded by support cells on the developing pod. Since no trichome initials had the definitive characters of thick walls and papillae found on TWTs, the bicellular trichomes are the best candidate for immature TWTs, since they have two cells, are elongate, and occur in the same places as and develop just before TWTs.
The pattern and density of pubescence on leaves and stems for which each isoline was named are due to the numbers of TWTs. The same pattern was followed by TWTs on the gynoecium in this study, but the relative numerical differences were not as high. The ratio of TWTs on the dense 1 isoline to those on the normal Clark is 4 : 1 on leaves and stems (Bernard and Singh 1969; Singh et al. 1971) , while the ratio is 1.6 : 1 on the gynoecium. Likewise, the ratio of TWTs on the normal Clark to those on the sparse is 3 or 4 : 1 on leaves and stems (Singh et al. 1971) , while the ratio is 2 : 1 on the gynoecium. The highest ratios of TWTs relative to the normal were observed in the extra-dense (4.4 : 1) and dense 2 (3.4 : 1).
The morphology of TWTs on leaves and stems is the same as that of the TWTs on the gynoecium of each isoline. The morphology of TWTs is the same across isolines, except for the sharp hair tip, which has a sharply pointed rather than a blunt apex, and for the glabrous, as already discussed. Puberulent TWTs look exactly like those of the normal Clark, except that they are shorter.
Functions of Trichomes
The alleles for pubescence on leaves and stems have been backcrossed into a number of different cultivars, particularly in Harosoy and Clark (Bernard 1976) . These cultivars were then studied for plant growth, insect pest resistance, and seed yield. Depending on the genetic background of the cultivar, dense pubescence was associated with more efficient water use (Clawson et al. 1986a (Clawson et al. , 1986b , higher reflectivity of light from the upper canopy into the lower canopy (Baldocchi et al. 1983; Nielson et al. 1984) , taller, more vigorous plants that lodged more severely (Hartung et al. 1980 and references therein; Specht et al. 1985) , and resistance to a variety of insect pests, such as the potato leafhopper Empoasca fabae and several of the aphid vectors of Soybean Mosaic Virus (Pfeiffer et al. 2003 and references therein) . Conversely, the glabrous and puberulent isolines were highly susceptible to potato leafhopper damage and resulted in stunted plants (Singh et al. 1971 and references therein; Specht et al. 1985) .
In the studies just cited, pubescence referred to trichomes that resemble the TWTs on the gynoecium. The beneficial properties bestowed on the plant by the TWTs are attributed to the physical architecture they provide. From our observations, we speculate that there is a role of mechanical protection for the TWTs on the gynoecium as well. The early formation of these trichomes on the gynoecium, their thick, stiff, elongated form, their location in zone 4, where they are positioned to protect the style, and their continued formation on the pod all suggest a role in protection. Whether they also help to reduce water loss and/or enhance reflectivity was not addressed in this study. These effects have only been studied on leaves, not gynoecia.
Secretory trichomes of various kinds are known to produce repellent substances targeted at herbivores (Levin 1973; Retallack and Willison 1988) , to produce nectar (Lersten and Brubaker 1987) or other food reward, such as pseudopollen (Davies et al. 2002) or food-hair (van der Pijl and Dodson 1966; Davies et al. 2002) , or to produce fragrances to attract pollinators (Schiestl and Ayasse 2002 and references therein) .
Few studies report trichomes on the gynoecia of soybeans, although there have been several on pubescence of pods. There is a positive correlation between increased pubescence and damage by the soybean pod borer Laspeyresia glycinivorella (Singh et al. 1971 and references therein) and the legume pod borer Maruca vitrata (Chi et al. 2003) . Any reason for this effect was not identified. Another study demonstrated a negative correlation between increased pubescence and feeding on pods by bean leaf beetles Cerotoma trifurcata (Fö rster) (Lam and Pedigo 2001) . That study demonstrated that when the pods were shaven, feeding increased on the formerly densely pubescent pods, but the authors did not mention the MCTs. If shaving eliminated or damaged the MCTs as well as the TWTs, it would be difficult to interpret whether one or both types were inhibiting herbivory. Only one study examined the role of MCTs on soybeans, and these were on the leaves. MCTs are thought to secrete substances that protect young leaves from insect herbivory (Franceschi and Giaquinta 1983) . The foliar MCTs in that study strongly resemble the MCTs on the gynoecium. Those authors reported that the secretory product was not visible. Our material was fixed and stained with a similar protocol, and a product is visible in the bubbles of the terminal cells and on the gynoecium surface. While the terminal cells associated with the bubble appear to be plasmolized, we believe that the appearance of the bubble is associated with secretion rather than an artifact of fixation, as the basal cells appear normal. Densely staining material was shown around the glands at the LM level in our study, and in SEM images of the perennial soybean Glycine tomentella (not shown; R. A. Healy, unpublished data). The function of a trichome may differ, depending on its location and the developmental stage of the organ on which it is located (Werker 2000) . The secretory product we observed deserves further investigation for its composition, as the MCT may play a role in pollinator attraction or reward. Alternatively, the secretory product may be related to herbivory deterrence and/or protection from microbes, as inferred for leaves. Investigation of MCT products will also help in the interpretation of nectar analysis, since MCT products may mix with the nectar. 423 In our study, MCTs were unmodified in the tetraploid and in all isolines. They were the most consistent in distribution and relative numbers across zones in the tetraploid and isolines. They varied the least in number among the lines except for the extra-dense isoline, where they were notably fewer in number. It is possible that MCTs did not develop as numerously in the extra-dense because there were so few uncommitted epidermal cells. This would assume that the allele that programs dense pubescence dominates the fate of the epidermal cells to form TWTs.
A puberulent line (T31) was found to have a 10% outcrossing rate in Illinois (Bernard and Jaycox 1969) and up to 58% outcrossing in India (Singh 1972) . This is relatively high compared with the 1% average outcrossing of the normal soybean. The high rate of cross-pollination was attributed to poor anther dehiscence, which resulted in structural male sterility (Palmer et al. 2004) . We found differences between the normal Clark and the puberulent gynoecial trichomes that could affect outcrossing. These differences included very short TWTs and UCTs. The UCTs differed further in their shape, which is bulbous rather than cylindrical. One of the effects of these morphological differences is exposure on the gynoecium of MCTs and their products. In the other lines, the MCTs are covered by the elongate UCTs. If the MCTs produce a pollinator attractant, the product(s) may be more readily utilized, and this may help to explain the greater rate of outcrossing of the puberulent line. This hypothesis will be difficult to test because the puberulent line is particularly prone to leafhopper damage and field-grown plants are severely stunted.
Of the three main types of trichomes, the UCTs seem to be the most variable in number in the tetraploid, all the isolines, and even between the greenhouse-grown and fieldgrown normal Clark. While there are no significant differences between the relative numbers of MCTs and TWTs in the greenhouse-grown and field-grown normal Clark, a significant difference is seen in the numbers of UCTs in zones 2 and 3 along the ovary. One of the unexpected results of our study was the higher number of UCTs on the sparse gynoecium relative to the normal Clark. The function of the UCTs is unknown. It is possible that they provide a certain amount of structural protection while remaining necessarily flexible to serve as packing or buffer cells between the gynoecia and adjacent staminal ring. Elongated trichomes are thought to protect MCTs (Werker 2000) . Another possibility is that they help to bring nectar and/or MCT products to the surface of the pubescence through capillary action. It is also possible that they are transformed into TWTs as the pod is formed. However, this speculation is doubtful, since the glabrous isoline has normal UCTs and highly modified TWTs.
